Abstract: The indications and best technique for plication of the rotator interval capsule, performed as a supplemental procedure at the time of arthroscopic shoulder stabilization, remain a controversial topic. There are currently no wellaccepted surgical indication guidelines that have been established. Several biomechanical studies, however, have demonstrated the important contribution of the rotator interval capsule to stability of the glenohumeral joint, and the utilization of rotator interval plication in patients with glenohumeral instability has been supported in several publications. The indications for and surgical steps to accomplish the arthroscopic "seamster" technique for rotator interval plication, used by the authors for >20 years, is described.
Introduction
T he rotator interval is a triangular space that is located in the anterosuperior aspect of the glenohumeral joint. The superior border is composed of the anterior margin of the supraspinatus, the inferior border is marked by the superior margin of the subscapularis tendon, and the medial base of the triangle is bounded by the anterior glenoid rim (Fig 1) . The rotator interval includes portions of the supraspinatus, subscapularis, coracohumeral ligament (CHL), superior glenohumeral ligament (SGHL), middle glenohumeral ligament (MGHL) and glenohumeral joint capsule.
1,2 It has been identified as a structure that contributes to glenohumeral joint stability. 3 Likewise, multiple biomechanical studies have demonstrated the importance of the CHL and SGHL as restraints to humeral translation in the inferior and posterior directions. [4] [5] [6] Although the specific instability patterns and arthroscopic findings suitable to justify rotator interval plication remain debatable and controversial, there is support by some shoulder surgeons for the supplemental use of rotator interval plication. [7] [8] [9] Based on work performed by Harryman et al., 6 rotator interval plication may be beneficial for cases of posterior instability. Harryman et al. 6 also found that rotator interval plication aids in the reduction of capsular volume and reestablishes capsuloligamentous tension in patients with multidirectional instability. When rotator interval plication is carried out, it should be delayed until the final step of the arthroscopic stabilization procedure, because plication of the rotator interval precludes further access to the to the glenohumeral joint though the rotator interval capsule.
Indications
The indications for rotator interval plication remain controversial. However, rotator interval plication may be considered in patients with the symptomatic inferior laxity that does not resolve in external rotation with the arm at the side or in patients with multidirectional instability (MDI). 10 Patients with MDI often have hyperlaxity and a prominent sulcus sign on physical examination. Other potential indications for rotator interval plication include patients with thin or poor capsular tissue and patients undergoing arthroscopic stabilization in a revision surgical setting. 11, 12 Plication of the rotator interval capsule is commonly carried out in clinical situations regardless of whether the rotator interval is considered abnormally patulous. Plication of a normal appearing interval capsule can effectively reduce translations and contribute to overall glenohumeral joint stability. 6 The rotator interval capsule is also sometimes recognized as abnormally patulous or damaged when viewed arthroscopically.
When the rotator interval capsule is visualized from the posterior portal, an abnormally patulous bulging of the capsule (Fig 2) , a drooping capsule (Fig 3) , or a significantly widened interval (Fig 4) can all be identified. A significantly widened interval capsule is seen to extend superior to the biceps tendon when viewed arthroscopically from the posterior portal site. 13 
Operative Technique
The technique, described here, is referred to by the authors as the "seamster" technique because of the nature in which the suture is advanced across the rotator interval capsule using a suture retriever; this suture placement is very similar to how thread is advanced through fabric by a sewing machine needle. 13 The "seamster" technique not only effectively and reliably plicates the intra-articular superior glenohumeral ligament to the intra-articular middle glenohumeral ligament but, importantly, also allows for incorporation of the extra-articular coracohumeral ligament (Video 1). After regional or general anesthesia is induced, the operative shoulder is examined under anesthesia and compared with the contralateral shoulder to assess for stability and motion. The authors then position the patient in the lateral decubitus position (Fig 5) with the arm suspended in a balanced position with approximately 10 lb of weight. The "seamster" technique for rotator interval plication, however, can also be performed without compromise in the beach chair position. A marking pen is used to identify shoulder landmarks and proposed portal sites (Fig 6) . A standard posterior arthroscopy portal is then established, and a 30 arthroscope is inserted. The rotator interval is identified anteriorly. Next, an 18-gauge spinal needle is used to establish the location for an anterior inferior portal from outside-in with the needle inserted into the joint just superior to subscapularis tendon. An 8-mm threaded cannula is inserted, and a thorough diagnostic arthroscopy is performed. The arthroscopic stabilization procedure of choice is then carried out. Rotator interval plication is always performed as the final step following completion of the Bankart repair, capsular plication, Remplissage, or other stabilization procedure.
The "seamster" technique for rotator interval plication is accomplished while viewing the rotator interval capsule using a 30 arthroscope via the standard posterior portal site. An anterosuperior portal, if not already established to perform the primary stabilization procedure such as Bankart or capsulorrhaphy, is created at the anterior and lateral margin of the acromion with the spinal needle entering the rotator 
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interval at its superior margin and posterior to the long head of the biceps tendon. A 5-mm threaded cannula is then advanced into the glenohumeral joint immediately posterior to the biceps tendon by using the spinal needle as a guide. The previously placed anterior inferior 8-mm cannula is retracted slightly so that it is just anterior to the rotator interval capsule and extracapsular to the glenohumeral joint. A 60 penetrating suture retriever (Mitek IDEAL; DePuy Synthes, Raynham, MA) is then advanced into the joint through this anterior inferior cannula, piercing the rotator interval capsule at its inferior margin and the middle glenohumeral ligament just superior to the subscapularis tendon. An arthroscopic grasper, holding a No. 2 permanent braided suture, is then inserted through the anterosuperior cannula into the glenohumeral joint and is used to hand off the leading end of this suture to the retrograde retriever that had been previously advanced through the rotator interval capsule and MGHL (Figs 7 and 8) . After the suture transfer to this retriever, it is carefully retracted until the retractor tip is extra-articular and immediately anterior to the rotator interval capsule. The retriever, now loaded with the No. 2 suture, is then redirected anteriorly and superiorly. Both the extra-articular coracohumeral ligament and the intra-articular superior glenohumeral ligament are pierced with the retriever as it reintroduced into the glenohumeral joint through the most superior margin of the rotator interval capsule (Fig 9) .
Once the retriever has been reintroduced into the glenohumeral joint, the suture end is then passed back to the grasper still positioned in the anterosuperior portal and retrieved out of this cannula. At this point, both limbs of the suture are exiting the anterosuperior cannula. A sliding locking knot is then tied outside the anterosuperior portal and advanced into the joint while the arm is positioned in approximately 30 of abduction and 30 of external rotation. Increasing the amount of abduction and external rotation of the arm during knot tying may be considered when the procedure is carried Fig 8. The permanent braided suture end is transferred to the retriever that has been previously introduced into the glenohumeral joint through the middle glenohumeral ligament while viewing from the posterior portal of a right shoulder using a 30 arthroscope with the patient in lateral decubitus position.
Fig 9.
The suture-passing device is introduced back into the glenohumeral joint after it has been used to pierce the coracohumeral ligament and superior glenohumeral ligament while viewing from the posterior portal of a right shoulder using a 30 arthroscope with the patient in lateral decubitus position. Fig 10. A sliding, locking knot with alternating half-hitches is tied, thereby placating intra-articular and extra-articular portions of the rotator interval capsule while viewing from the posterior portal of a right shoulder using a 30 arthroscope with the patient in lateral decubitus position. out on an overhead athlete in an effort to maximize postoperative external rotation. This knot is then completed by securing 3 alternating half-hitches tied arthroscopically under direct visualization (Fig 10) , resulting in approximation of the SGHL and MGHL as well as incorporation of the extra-articular portions of the rotator interval capsule including the CHL. A suture cutter is then used to cut the suture ends, completing the rotator interval plication (Fig 11) .
Discussion
The rotator interval is composed of both intraarticular structures such as the superior and middle glenohumeral ligaments and the extra-articular coracohumeral ligament. The coracohumeral ligament plays an important factor in limiting posterior translation of the humerus and provides additional stability when incorporated into a rotator interval plication. 10 Additionally, the position of the arm during suture tying is important. Numerous studies have shown postoperative loss of external rotation following plication. [14] [15] [16] [17] The authors recommend positioning the arm in 30 of abduction and 30 of external rotation during knot tying to help minimize the risk of motion loss postoperatively. Also, the surgeon should remain cognizant of the biceps tendon when passing sutures around the rotator interval capsule and into the glenohumeral joint so as to avoid inadvertently incorporating the biceps into this plication of the rotator interval (Table 1) .
In the absence of any complicating issues, cases of rotator interval plication are rehabilitated using a 5-phase therapy program. The initial 10 days postoperative focuses on a gradual increase in passive motion, while carefully maintaining the integrity of the repair. After this initial phase and through week 6, full range of passive motion is gained and reestablishment of dynamic shoulder stability is begun. Postoperative weeks 7 through 14 consist of full active range of motion, gradual restoration of shoulder strength, and gradual return to functional activities. Postoperative weeks 15 through 22 are used to continue strengthening. The final therapy phase, from week 23 through 36, focus on a return to strenuous work and sports activities.
Conclusions
Many techniques exist for arthroscopic rotator interval plication. The "seamster" technique, as described by the authors, is reproducible and can be reliably accomplished. The "seamster" technique has the advantage of allowing for the incorporation of both intra-articular and extra-articular ligaments into the rotator interval closure. Also, the "seamster" technique allows for knots to be tied under direct arthroscopic visualization, thus helping to ensure that they are consistently well tied and secure (Table 2) . Limitations or disadvantages to this technique include establishing another anterior portal to allow optimal working access, blind advancement of the suture while using the suture retriever in the extra-articular, and the risk of inadvertently incorporating the biceps tendon into the plication (Table 2) . Placing the 2 anterior cannulas at the superior and inferior borders of the rotator interval capsule maximizes the amount of rotator interval capsule that can be plicated. Using a sharp retriever makes passage of the suture through the coracohumeral ligament easier and more reliable. In cases in which the middle glenohumeral ligament is poorly defined the suture retriever can be passed through the superior border of the subscapularis and included in the plication. Absorbable suture material may be substituted for permanent suture in some clinical situations. Pitfalls
Care should be taken when blindly redirecting the suture retriever to avoid iatrogenic injury of structures within or adjacent to the subacromial space. Care should be taken when establishing the anterosuperior portal site to avoid iatrogenic injury to either the biceps tendon or the anterior margin of the supraspinatus tendon. Allows for incorporation of both the intra-articular and extraarticular components of the rotator interval capsule, including the coracohumeral ligament.
Requires blind advancement of suture using the suture retriever.
Allows for direct visualization of knot tying (no blind tying).
Requires the use of 2 anterior portals. Care should be taken to avoid inadvertent incorporation of the biceps tendon into the plication.
